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ABSTRACT 

This first of -a four-h 
summarizes the results of the MITRE c\c 
technical, economic, and operational t 
television. First reviewed are some mc 
the development of a new cable television (CATV) system conf igXir ation 
2) the application for social services delivery of computer operating 
system software products; 3) the demoristration of interactive 
Itelevision service and of a two-way broadband link; 4) plans for a 
home/school instructional program; 5) selection of pilot interactive 
television services; and 6) recommendation for urban interactive 
television trial sites, . Following this^ major sections are devoted to 
discvissions of progress in the technology of interactive television^ 
of tae economics of operating an interactive cable system, of 
operational considerations for interactive television, of 
demonstrations of interactive television, and of plans for the 
imfflf^diate future. (PB) . 
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- INTERACTIVE TELEVISION 9 

A NEW USE OF CABLE TO PROVIDE INSTRUCTION: IPJ^ORMATION, 
COMPANIONSHIP AND ENTERTAINMENT, ON D|MAlMDjN THE HOME 

' * ■ ...... •'■■■'^ % . ' 

Welcome to the WITRE Corporation's demonstration of interactive television. 

^ a 

The (VIITRE Corporation is a not for-profit, systems analysis and engineering company, located in 
McLean, Virqjnia. * ^ ' * , 

/ 

A Computer-Assisted Instruction iCA\} program sponsoredyt fVllTRE by the Nationat Science 
Foundation has yielded experimental results which may lead to mass education and instruction for less cost 
than traditional methods. , -^J 

\ 

\ 

To demonstrate this, two community colleges will begin using 128 termmaf systems on a develop- 
ment basis during the 1973/^4 academic yeai . The project cost per student contact hour is less lhari one 
dollar (only a third of current traditional cost). 



mitre's work with C/?l stimulated the concept of delivering computer-controlled information 
and instruction directly into people's homes via a cable television system. This vital community information 
system would include the innovations that characterize (VIITRE's interactive television syjitem, which are: 

the use of standard color TV x^uw^n; 

the provision for audio support of the visual display; ' 
the large number of terminals, each, acting on independent demand and controlled by minicomputers; 
the low cost of tfirmmals; 
the low cost of instruction delivery. 

Interactive cable television offers, in your home, indivdual ized services on demand. Requests from 
many points are accepted simultaneously by the minicomputers and detailed mformation is delivered 
economically and, if necessary, privately to any cable subscriber. Interactive cable television provides 
prbti^ammable computer capability in the home. 

Soon a significant step will he taken. The National Science Foundation is funding a program in 
which 3,500 homes jn Reston, Virqmia and Three elementary schools of this planned new town just outside 
Washington, D.C. will be ^ble to exner iment with interactive television. 

The prototype services will be drawn from these categories: 

c 

[\\ Instruciion-Elemeniary cjrade computer-assisted instruction. The Fairfax County (Virgtniaj Public 
School administration is working with MITRE to design a system and to evaluate suitable program 
materials for their specific CA! needs. 

(2) / Companionship for the Housebound- Imaginative communication services for senior citizens, the 

infirm, mothers and the urban-isolated, providing information to make the community more vital 
and help members be more aware of each other. Programs such as "Who's Who in Town/' "Who's 
New in Town." skills, hobbies, etc. will help to stimulated person-to-person and telephone contact, 
and help to alleviate urban alienation. 

(3) Communfty Ombudsman-Here the computer is used to store information on-communitv, municipal, 
• county, state and national government services. These are, in general, not advertised. In the small 

communities of previous days there was often an individual, a local political leader, to whom one could 
turn for advice. The typical urban transient population does not develop such people. Interactive 
television can screen the problem and guide the user to the correct information resource. 
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(^1 - PronrariHiiinf] Srhools niul Hnmfi. This refpr.s lo thr? subsr.rfber designing the mtidi'jm. Mew simple 
comp'iitRr larniiatifis havn mado it pnssiljJe for iParhfTrs to learn {iiva few short hours) to constructjndi- 
virJualj/pd in'^iriif:tinn pronramr* for childrpn with mm^ciqI nped,'^:"'T4iis opens up the most exciting pdsst- 
hility that thfi cammintU/ fTif?fnhf?rs will proqran] ;hPfr own subiects: inslr^crions- to-the babysitfer^in 
case of pmprqpncv; a "wh'iie ^rjri!- r.itahjqun" of rnfnfiiiinitv pvpnnencfi, and vA^hatever citizens find useful. 

(5)' FnTprt'<!nmfint - This PYtnnsJvp jffM rr.r[iir--s iiitpfnrtivff qame.s vyith (hp conipiiter ancf with others; games 
of skifl, ol inemorv, and nf observation. Also, use of the computer to store "rainy day suggestions," 
parly siigqestinns, where to qn. and whal tn do 




Cnmmiiniiy r.nherpnrfi Ex.imples of the low participation of the population in forums affecting their 
commiuiirv and tlipir livei; arp numerous. The community ivtH.bfi able to use interactive television as a^' 
farilitntp tclentif icatnm of cnmmnn problems and to provide a forum for airing special viewpoints. 
Snhitions may he ffebaiprt m real timn nr in a "wnll newspaper" mode. Immediate polling of-prefererfces 
on action in r.h?!nqn ,i situation wi!! mur.li iniprciv/e tlie quantity ancJ^quality of feedback available to com- 
munity learjpr!;. and enhanrp rnmnniMtv ir.voivrment and particrpation in ihe governmg process. 



I'/l Cnmiiiunttv Snaphnv Tht: Imirnul :,pacp in "letters in the editor" m local newspapers and even, more 
limited space nn teipVMon editonnls in today's media provides an inadequate substitute for the relative 
effect an mrlividiial mi a small roTfiiuniiy rnuld t;ave lo espouse his views. The complete r>amut from 
pobtics rn pr^rtry be stnmd of^rijwJ, on fjenvmri. hy only tbo.se who arfe interested. The low ' . ' . , 
expense nf a t:me stpraqe m a compviter (fata hasp makes available a communications media that 
has nn adequate stibf;t)tntp tr)Hay''^ snnpiy 

(8) Health Carp Inmrartii/p tn!pviSion\ tr.p tn dissennnaie preventive medical information to the "activated 

patient" a nntifnt whiisn nwn :iniedic.il ;ki!Es antj iirderriiandinn nf health is upgraded in order that he / 
may become actively resnunsilifp for manaiiinij his own health care. 

Prplimmarv ralrjlHimns inrJnMir. jh.it ;\ vvifio idntioof Surh services may profitably lie offered for opproxi- 
mfltely $14 per montfi in aHflilion to thr rpi|iil.j! cine wdv CATV r.harqe The initial phase of the Reston trial 
he free. As the servif.e uff^'rinq exp^^nds, .i nnxlest chnrrje (yet to be determined by NSF) v^/ill he introduced. 

Control over y^r f lritii h.isr 'ih" rnmnutfM 's'^irnurl irif orma^ion) and who has access to it is prohahly 
the sinqle most in'iportan: prol^tem to t^r- resolved t)y nu'rins f)f trials in real community surroundings through 
these evrioriments 

No one yiM knows pist wli^n the imfiact ol irircf active commu nic;it ions m the home will be, there 
Hte siihsiHot i.^l rl,)inis for the noleoti.il of mulli ss-rvioo lelecommunicatioos: novj life patterns for'city 
dr-'ellers are jiredicted/ ' ' 

Professor Erfvvin Park*'f of Stanforrl Una'pfKity f>redir;ts, "An information u tility^'-oold be made 
rivrjilrible to ovOfy ijrJian honir jn{i i^onimuniiv in the Unitf?ff States by 1985/' 

^Our purposf? fs to show that this new communications medium is capable of delivering many services 
of true Social significance m addition to commercial and business activities. Eventually we hope such services 
wIM help relieve many of the ilts of our modern urbah^rfe. 



This corK'f'Dt h.is hf^on introdurod Vi'rnnr^ W-'-.orv H fc. W HtMlih S»?rv»CPs iinci Mnnfal Hp.itth Adi-nnist i ation . 
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"Since the computer first appeared in the late 1940's, the infor- 
mation industry has been a certainty. But we do not have' it yet. 
We still do not have the' effective means to build an "information 
system." This is where the work is going on, however. The. tools to 
create information- systems may al ready exi st-: the communications satel- 
lite and other means of transmitting information, microfilm, and the 
TV tube to display and store .it, rapid printers to reduce it to per- 
manent record, and so on. There is' no. technical reason why someone 



like Sears Roebuck should not come- out tomorriDw with an appliance selling 



electricity, and giving immediate access to al 1 the information needed 
for schoolviork from first grade through college." 




for less than a^,TV set, capable of being plugged in wherever there is 



Peter F. Drucker, 



THE AGE OF DISCONTINUITY 
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FOREWORD 

This report was written to describe progress by the Computer Sys- 
tems Deoartment of The MITRE Corporation on a study of the techni cal , 
economic, practical, and social considerations attendant on the deli- 
very of instruction and related services via interactive cable tele- 
vision. The work was directed toward uncovering and resolving- problems 
and developing opportunities associated with our plans to test an in- 
teractive television system serving several thousand subscribers on a 
daily basis. This reports Volume I, covers the first nine months of 
work (Phase I) ending in October, 1972. Th^. grant was succeeded by 

a seven-month effort (extended Phase I), Initial Implementation, repor- 

f 

ted on in Volume IV. 

At the time of this writing, The MITRE Corporation is' activ,ely 
preparing to implement delivery of services and measuring the community 
response to 3500 homes and three schools in Reston, Virginia. 

Other Volumes in preparation for issuance in the near future are: 

VOLUME II TECHNOLOGICAL AND. ECONOMIC CONSIDERATIONS FOR INTERACTIVE 
TELEVISION \ 

Alternative Interactive Television Configurations 
Phase il Hardware Detailed Design -- Data Base Manage- 
ment and Retrieval Design Economic Evaluation Models 

VOLUME ni SOCibLollCAL AND INSTITUTIONAL CONSIDERATIONS INVOLVED 
IN THE IMPLEMENTATION OF INTERACTIVE TELEVISION 

Predicted Sociological impacts of Interactive Cable 
Television Selection and Evaluation bf Types of 
\ Services Analysis of Some Selected Social Needs 

Evaluation of Cities for Future Urban Tests 

Q 

- vii 



.VOLUME IV IMPLEMENTATION PLAi^! FOR THE MARKET TEST IN RESTO[^, 
VIRGINIA - . 

Phase II Technology Educational Content Health 
Care Content Community. Information Content 
Evaluation Plan / 



1 .0'' 'INTRODUCTION'- ■ ^ - - . 

1 . 1 The Promise of Interactive Televis ion • " 

New forms and imaginative uses of telecommunications can make 
contribu|:ions of fundamental importance, to meeting and s'olv-ing nearly 
every major problem of urban society, and urban life, Th'e Report re- 
cently issued by the Committee on Telecommunications of the National 
Academy of Engineering, 'whose jpembership Is widely representative of 
government, . industry; and national civic groups, states: , . 

Our cities have many problems in urgent need of solu- 
tions. City governments have a requirement for closer 
communications with their citizens. and readier response 
to citizen "needs.^ , City schools are less than satisfac- 
tory in providing qual 1 ty education 'to, the nation's youth.^ 
Medical care Is inadequate for the ci t1,es poorer and older 
citizens. Individualized transportation is cl oggi ng. the 
streets and polluting the air/' ^^ubl ic transportation is ' •■ 
often inefficient and unattractive to its users. Law 
enforcement agencies have -di fficul ty in coping with a • 
growing crime^rate. [ > 

The Committee believes that modern commurii cations 
technology; thoughtfully appUed,. can hel p. i.n ' reli eying many^ 
of these problems and in upgrading the level of city life. 
This conviction has be^en* further confirmed as a result of 
- the Commi ttee ' s in-depth study of city operations^ and a ;/ ^ 

continuing exchange of ideas with officials in a cross- . 
section of U. S.- cities J 

Interest in telecommunications as 'an Increasingly powerful- tool 

for dealing with urban problems is now'wbrldwi de, A telecommunications 

study made by the Canadian Department of Communications- says: 

Multi-service, telecommunications systems, can provide 
*not only means of developing new life patterns for city 
dwellers, but also solutions to many of the ills of urban 



A Report of the Committee on Telecommunications, National Academy of 
Engineering, Communications Technology for' Urban Development, June 1971, 
page 1. " . , ■ • ' 



living. Through the planned use of such systems, urban 
dwellers will be able to enjoy ordered, well-defined, 
and harmonious surroundings. They will have the oppor- 
tunity of participating in society in a manner never 
before possible. 2 

In these and other studies, interactive television, brought to 
cities and communities through cable systems, is a coming communica- 
tions mode that could have particularly high social value. Urban 
planners, social scientists, and historians are increasingly concerned 
that one-way TV communications may be adding to, rather than ameliora- 
ting, basic problems of our society. In an article on television in 
Life magazine, Daniel Boorstin, Director of the National Museum History 
and Technology of the Smithsonian Institute, calls for a new technolo- 
gy and new uses to overcome TV's limitations: 

...-.The gr^fit test is whether somehow we can find ways 
in and through^';t^ itself to break (flown the walls 

cf the oew senregation the walls which separate us 
from one another, from the sources of knowledge and power, 
from th^ pa?t, from the real world outside. 

We musjt find ways to decentralize and define and sepa- 
rate TV audjiences into smaller, more specific interest groups, 
who have^ th[e competence to judge what they see, and then to 
give the; audiences an opportunity to react and communicate 
their reactions. We must try every institutional and tech- 
nological device from more specialized stations to pay 
TV, to cable TV, and other devices still unimagined.3 

A second source of increasing interest in interactive TV stems^^ 

from its potential for performing functions and .delivering services 



Government of Canada, Department of Communications. Multiservice Cable 
Telecommunications Systems: The Wired City . Final Report of Telecom- 
municati'ons Study 8(d). Ottowa, 1971. Typescript page 15. 

"Television, more deeply than we suspect, it has changed all of us," 
Life , September 10, 1971. 

2 



that cannot be provided by one-way communications and that offer great 
'promise for ameliorating problems caused by growing urbanization. 
These services might enable better access to education, wider and 
•better dissemination of health care, direct access to a' wide range of 
information through computer hook-ups, delivery of special i zed visual 
material to the home when the subscriber wishes jo see it, facsimile ^ 
printing of material in. the home, and greater participation of urban 
population in civic life through polling and direct interaction with 
political leaders. 

Interactive television, built on the existing highly refined tele- 
vision technology, in which American citizens have already invested 

over 20 billion dollars, has been developed to the point of public demon- 
• 4 ' 

stration. By coupling home television sets on cable systems to com- 
puters, interactive television is ready for studies, experiments, and 
demonstrations leading to the fulfillment of its potential. 

Professors Edwin B. Parker and Donald A. Dunn point out in a recent 
5 

article in Science the great promise of interactive television, espe- 
cially when combined with video cassettes, computer information systems, 
and communications satellites, which they call the total "information 
utility". They see the greatest single potential for this nationwide 
information is its capability to reduce the unit cost of education and 
- to Increase productivity in the knowledge industry. Not only would the 

4 * • * 

The Reston, Virginia Test of The MITRE Corporation's Interactive 

Television, MTP-352, The MITRE Corporation, 1971. 

^Parker, Edwin B and Dunn, Donald A., "Information Technology: Its 
Social Potential ," Science 176:1392, June'30, 1972. 



capacity of the individual instructor be enhanced, but educational 
institutions woul-d be aided to mefet the important challenges of equality 
of access to educational opportunity and open enrollment -in universities 
life-long learning, and 'the need for periodic (or continuous) retraining 
accommodated to the individual on a flexible schedule in. the home or 
office, and diversity of curriculum content to meet demands for rele- 
vance and variety. 

•Noting the-low cost, large capacity, and local coverage available 
through cable television, Parker and Dunn point up the greater variety 
of program content that would become available to satisfy many minority 
interests and. tastes not now served by television. They feel fi:rther 
social potential would be discovered by legislation that guaranteed non- 
discriminatory access to expression of various political, social, and 
ethnical viewpoints and to stimulate availability of the media to the 
economically and culturally deprived. They even see the information 
utility as an aid to solving the problems of congestion of the cities 
because it would lead to greater physical decentralization of business 

and other facilities. They state: 

• I ...... 

The social goal of such an information utility would be 
to provide all persons with equal opportunity of access to 
all available public information about society, government, 
opportunities, products, entertainment, knowledge, and educa- 
tional services,' From the subscriber's perspective, such a 
system would look like a combination of television set, tele- 
phone, and typewriter. It would function as a combined libra- 
ry, newspaper, mail-order catalog, post office, classroom, 
and theater,^ 



The Subscriber Response , Hughes Aircraft Company, 1971; A 'Program to 
Implement Xommuni cation Services , A, D, Little, Inc., 1970, 



The private sector recognizes the potential value "of two-way TV for 
selling products arid services, and is developing such uses. But what is 
the place of servi^G^^ with high social utility, with either low or longer- 
term commercial applications if the development of interactive TV is 
supported by venture capital from only the private sector? One cannot 
be optimistic that the private sect^r^i 1 1 '^©^(^l ore the possibilities 
of such uses on more than a token basis without firm policy guidance 
and strong initiatives from government institutions, if we look to com- 
mercially broadcast television as a model. We have, therefore, begun 
studies leading to the development of a broad base of data and informa- 
tion on interactive services and prototype installation from which 
more extensive data and information can be compiled on the basis of 
demonstration and experience. 
1 . 2 The Problem of Interactive Television 

Discussions of the future oL cable television often present glowing 
pictures of potential two-way communications services on cable. Exten- 
sive lists of potential services have been compiled. Commercial ser- 
vices, such as security alarm monitoring, remote shopping, and computer- 
to-computer data transmission are often cited as important to the econo- 
mic success of cable television in cities. It is also recognized that 
non-commercial services, such as interactive educationel television in 
the home and direct citizen feedback on local political issues^ . woul.d 
be of great public benefit. Impressed with these possibilities,- the 
Federal Communications Commission has recently ruled that all new cable 



...systems instal.led in the-hundred largest U. S. television markets must 
have a two-way transmission capability. 

As is often the case with emerging technologies, the promise of two- 
way services on cable has, at times, been oversold. Although most pro-- 
posed new services are technically feasible, many may not be economically 
>feasible. Others can probably best be accommodated on the telephone 
network or by other means. Some may not.be desirable at all/ The value 
to society of, and the commercial demand for various new cable services 
is unknown at the present time . 

As it turns out, the near-future capital investment per subscriber 
to provide the delivered technology system for providing this vast poten- 
tial array of services, is smaller than that currently invested in the 
U, S. telephone system (investment is approximately $1000 per telephone, 
although incremental costs to the system are in the $1200 per telephone 
range). Thus, a most tempting set of conmercial opportunities exists 
on the horizon. Most people knowledgeable in communication, academia, 
government, and commerce, see mass utilization of two-way^CATV as an 
eventual certainty. 

Because of the present lack of any market tests of these services 
not only is the ..Investment community reluctant to support expansion in 
this area, but government planners from municipal to federal, from 
educational specialists to telecommunication regulators are also reluc-' 
tant to initiate programs without information on citizen response to 
this new media. It seems probable that such uses- as credit card valida- 
tion and point-of-sale terminals (leading toward the cashless society) 



in the next three years will develop information on the market tor 
commercial , services. We believe the same should be done for the non- 
commercial services, to investigate options sich as interactive educa- - 
tional televisior, for the home. 

Citing an historical analogy, Stanley Scott of the University of 

. ... .. - ■ - - - ' ' .... 

Southern Califqrnia refers to a speech by Herbert Hoover in 1922 on the 
future of first generation radio, then scarcely in its infancy. Presid^^nt 
Hoover stated; "It is inconceivable that we should allow, so great an 
opportunity for public service to be drowned in advertising chatter." 
"Yet," says Professor Scott, "we proceed to fumble' our way toward a 
system under which advertising and its influence,..while not 'drowning^ 
the media, certainly dominated its development, preempted its time, 
and controlled its programming. This system has seen three generations 
of electronic communications AM, FM, and over-the^air TV experi- 
ence abysmal failures to achieve social benefits that the developing 
technology could have produced, .If government laissez faire continues. 
We may be assuring that media history repeats itself. The only viab^le 
alternative is a deliberate act of public will." Scott calls for: 
1) public interest-oriented organizational support, and 2) a strong finan- 
cial base that does not depend primarily on advertisini, unless the 
forces of advertising are neutr'alized or otherwise kept under control. 
Professors Parker and Dunn are more optimistic: 

Although some consider any services other tKan enter- 
\ tainnrent that might be provided by cable television as spec- 
ulative, most knowledgeable observers ex^ccL strong growth 
to take place in additional services..." 



They conclude 

In. order to accomplish these positive social goals, 
a detBTled 'p'lan for federal action and participation is 
needed. Since most of the funds for this utility will come 
from the private sector, the principal needs for federal 
action are in the areas of coordination, policy analysis, 
and assessment, and the funding of pilot projects and 
demonstrations designed to stimulate the development 
of new public sector education and information services,^ 

^ Si nee 'it will take so much' t^'ifie before mass test and social feed- 
back occur. The MITRE Corporation has explored the feasibility of a 
quick-thrust implementation in one or a few communities that can sig 
nificantly decrease the knowledge gap in this area. We have reaf.on. 
to believe, based on^ our own efforts in this new technology, the 
comments of others on\our implementation so far, and the proposed 
implementation of a number of organizations, that it should be possi- 
ble to determine a community's response to the availability of inter- 
active televi:>?on. Of major importance is the concept that the set of 
services will be, chosen by the community from an^initial offering, and 
,will not just be predetermined by MITRE\ 
1.3, Overview of MITRE's Program in Interactive Television 

Since 1968, MITRE has been. acti vely developing a computer system 
called' TICCIT (Time-shared, Interactive, Computer-Controlled Informa- 
tion Television). Through the coupling of commercial television and ■ 
advanced computer technology, MITRE has attempted to open new areas ' 



'Parker, Edison B. and Dunn, Donald A., "Information Technology: Its 
Social Potential,^' Science .176:1392, June,30, 1972. 
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for cost-effective utilization, with emphasis on computer-assisted . 
instruction. 

A milestone was reached in J- 1971, when the country's first 
interactive television system was remonstrated in a Reston, Virginia 
hcrna by MITRE. This system connected standardt television receivers 
in a few homes and schools in Reston to MITRE 's computer system via 
the Reston cable television system. A demonstration o:f_^reat variety 
of potential l^nteractive services has been demonstrated to government 
and industry leaders (representing the 148 institutions and organiza- 
tions listed in the Appendix) during the following year. 

In December, 1971, NSF awarded a grant to^^MITRE to study the tech- 
nical and economic considerations attendant on the home delivery of 
instruction and other socially Ablated services via interacti1/e cable 
TV. The emphasis was on the problems associ sited with the development 
of an interactive television system serving several thousand subscribers. 
This study is the first part of a planned three-phase program, shown 
in Table I, that will lead to the installation and evaluation of an 
interactive television system in a yet-to-be selected urban community. 
K4 Program Progress 

This, the first of a four-^volume series of reports, summarizes 
the results of MITRE *s five years of technical, economic, and operational 
studies of interactive television. Subsequent volumes wijl emphasize 
special areas. 



X. 



TABLE I 
PROGRAM OUTLINE 

phase I - 'Design and Evaluation Study 

« Perform subsystems and component design of hardware and software. 
0 Develop economic evaluations of system, capabili.ties and configu- 
rations. 

0 Develop.- criteri a, rationale, and make preliminary recommendations 
for initial service offerings. 

• Develop criteria for and eva1 uate urban center test site candidate 
selections . . , . \ 

• Conduct complementary theoretical and practical analyses of time- 
shared interactive service delivery. 

9 Prepare a plan for Phase II. 
Phase II - Systlem Development 

0 Home- test hardware for reliability, function, and human engi- 
neering considerations. 

0 Home-test software for reliability, function, and human engi- 
neering considerations. 
Devel op social service content. 

• Test in Reston to determine subscriber response. 
0 Select urban test sites. 

ft Develop installation plans for urban test sites. 

Phase III - Impleme ntation and Measur ement 

'■ ' — ' ' r 

ft Install system in test community 

ft Modify services in response to, community feedback. 

* 10 " 
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TABLE .1 (Continued) 

PROGRAM OUTLINE ' ' " 

e' Operate and Maintain the system; perform demonstration and' 
tests. 

9 Measure sub^s^iber response. 

9 Evaluate results of demonstrations and tests. 




. The latest major technical accomplishments of the program are", 
9 Development of a jiew, economically advantageous, CATV d^istri-- 
bution system configuration, 'especially suited for interactive 
television and compatible with cable operators' constraints in 
large urban centers. 

• Application for social-services delivery of computer operating 
system software products developed under MITRE' s CAI project. 

Q Demonstration of interactive TV service concepts delivered over^ 
a CATV system controlled by a ' stand-al one minicomputer system. 

d Demonstration'of • a two-way, broadbank link on the Reston CATV 
system. 

0 Plans for development of a home/school instructional program 
plan in cooperation wUh three Fairfax County', ^Virginia e]emen- 
tary schools. 

0 Selection of pilot, interacti ve television services that have 
a broad appeal to all economic, age, and educational levels. 

• Recommendation for urban center interactive television trial 
sites. 

Another major accomplishment has been the* development of an econo- 
mic analysis model, capable of handling advanced i nteractive television 
CATV systems.. Based on a twenty-year project , ^cash flow may be traced 
for mipnthly charges, and .implementation 

strategies. This new model, which haa evolved from one developed 
for an urban cable systems study recently completed by MITRE for the 



John and Mary R. Markle Foundation, has been used to analyze one Wash- 
ington, D. C. service area defined in this earlier study, using the 
actual demographic, business, and system parameters^ as input data. 
The results indicate that interactive television in the selected area 
would be economically viable at charges of $14.00 per subscriber per 
month. Naturally, this value is sensitive to many parameters. Section 
2.3 and Volume II treat this complex area in detail. 

. In the operation area, MITRE focused on the selection of inter- ^ 
active television services, t^'e management of service production, and • 
the selection of candidate test sites for an eventual trial of inter- 
active television. To gBfther suggestions and advice, MITRE convened 
two advisory panels. Educational, social, and communications specia- 

lists served on the first panel; practitioners in print and television* 

Ik 

Q 

media on the second. All of the panelist expresse,d .enthusiasm for 
the potential of interactive television. They affirmed that TICCIT 
must be able to successfully vie for viewer's time before attention 
can be concentrated on the social impacts. Each. panel ist provided 
examples of communications problems within his special field.^ that 
would be alleviated by the flexibility and responsiveness of inter- 
active television. 

The results of the study convince^ us that meaningful experi- 
ments with interactive television can be made today. The technology 
is available large set of interactive services can be offered 

Tables III and IV list the panellists. ^ 
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without the addition of any significant new electronic equipment in the 
home), the cost is reasonable, and the operational problems of service 
selection, production, and test-site selection appear manageable.'"^ 




2.0 PROGRESS IN THE TECHNOLOGY OF INTERACTIVE TELEVISION 

. We believe the mosT important technical achievement of this program 
has been the conceptual development of a CATV system configuration- espe- , 
cially engineered to be economical for delivery of interactive television 
services. This configuration permits immediate testing of interactive 
services with a large-sample population. A major advance has also been 
made in software products, developed under a related CAIsystem develop- 
ment project at MITRE, uti 1 izing 'television-delivered instruction. Many 
of the most complex software package programs '(for instance, th(^ real- 
time operating system) will be used in both applications. 

Other accomplishments of the program are: (1) the country's most 
sophisticated interactive TV demonstration, (2) a study, of projected 
'Sjjbscriber fee and commercial operational financial implications of 
this technology, and (3) a two-way CATV installation in Reston, now . 
being installed and tested through the cooperation of the Reston Trans- 
mission Company and Television Communications, Incorporated (respectively, 
operator and owner of the test-site cable system). 

2 . 1 New CATV Configuration to Support Interactive Television 

A broad system's approach to interactive television has not been 
taken by any of the commercial developers of interactive television hard- 
ware. For the most part, on;'ly bits and pieces have been demonstrated in 
two prototype two-way systems. These have been interactive only in the 
sense that subscribers can respond. None have offered individual ser- 
vices. 1^0; company has yet developed a clear plan' that leads the system 
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operator from a conventional one-way system through various levels of 

interacticn, to a full, TICCIT-like system in dit} evolutionary or cost- 

10 ^ 
effective manner. ^6r this reason, we have developed an evolutionary 

implementation plan that maximizes the use of available channel space 

and time-shares the expensive components.. Evaluations of configurations 

and their costs are continuing, and will be included in Volume II. The 

following is a summary. 

For more than a year, MITRE has been experimenting with and publicly 
demonstrating an interactive television system in Reston, Virginia, in 
conjunction with the Reston Transmission Company. A major impediment 
to the operational implementation of this system has been the cost of 
the refresh memory needed in each home utilizing interactive television. 
The refresh memory and its associated electronics cost more than $1000 
when bought in moderate quantities. In Reston, a video-tape recorder 
was used as a refresh memory (in its stop-frame mode), providing the 
home-owner with not only a refresh memory, but also a video recorder/ 
player. But even with its multiple usgs, the refresh memory costs a 
disproportionate amount, relative to the cable television system. 

To overcome this problem, we are taking a new approach. We assume 
that the average household will use interactive television services that 
require a computer-generated display (and, hence,, a refresh memory) 
about thirty minutes each day. Assuming a ten-hour day', tfcis means 
that one refresh memory could serve up to twenty households with 

I'^Such as is described in "Urban Cable Systems," MITRE Report M72-57. 
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interactive television services. This is equivalent to a 5% load factor. 
Some peaking will occur; 'until usage statistics are gathered, assumptions 
have to be made on how parameters such as system availability and pri- 
cing strategy affect demand. In practice, this will be predominantly a 
function of the type of service and the user, hence experimentation is 
essential to the validation of this approach. We have used queueing 
theory to evaluate this system configuration; with the present necessary 
assumptions, we are satisfied that delays will not be unreasonable. 
Volume II details this analysis. On a long-term basis, we foresee the 
following scenario: As the market and services for interactive tele- 
vision develop, and the cost of refreshers decreases (to, say, $200-300), 
heavy users of the system may lease their own refresher, -allowing them 
to bypass queues at peak hours on dedicated channels by using a time- 
shared addressed, multiplexed channel. For example, a school making 
continuous use of its television terminals would best be served by such 
a. mill tiplexed channel, feeding refresh memories associated with each dis- 
play. It is clear that the refresh memory is a key element in the.dis- 
tribution system; as a contribution to the progress in this field, MITRE 
has developed a solid-state frame-grabber. • It is not clear, in any gen- 
eral sense, whether a mix of dedicated and multiplexed channels (that is 

» 

with refresh memories at a central location at subscribers' TV receivers) 
is a desirable operating configuration, or whether a system, must, for 
practical reasons, be either one or the other. MITRE is analyzing al- 
ternate systems in an attempt to discover how combinations of subscriber 

density, service load, and refresh costs affect this choice. 
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The advantage of ^haring refresh memories is obvious the cost 
per refresh can be spread over many users. The central location of 
the refresh memories creates a need for a communication channel between 
the shared-refresh memories and the home-television receivers. As 
shown in Figure 1, the cable system i-s divided .into cells of about 
200 subscribers • Efch cell is connected, with its own trunk cable, 
to a hub, and each hub services about ten trunk lines (i.e., approxi- 
mately 2000 subscribers per hub). The hub, in turn, is connected to 
a common-program source, the headend • About ten channels on the cable 
system are dedicated to interactive television. Broadcast television 
is transrfii tted through the system from the headend to the hub to the 
trunk, and J finally, into the homes in each cell . The interactive 
television channels flow only from refresh memories in each hub to 
the homes/in each hub^s cells via the individual trunk lines. Each 
trunk 'line in this example has ten refresh memories associated with it, 
one for each interactive channel. The users in each cell, therefore, 
have access to ten refresh memories by tuning to the ten interactive 
television channels. Located in each hub is equipment to place the 
broadcast television signals on each of its ten trunks, along with 
the outputs of the 100 refresh memories. The hub also contains either 
the computer to provide interactive television services » or equipment 
to allow a remote computer to serve it.^ Communication from the home 
keyboard (and other devices , such as. meter readers, burglar alarms, etc*) 
to the hub 1s accomplished with a separate, relatively narrow-band 
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, HUB 



TRUNK FOR CELL 1 




TRUNK FOR 
CELL 2 



CELLS 



NOTE: 

EACH HUB AS A NETWORK OF ABOUT 
10 CELLS EACH OF WHICH IS SERVED 
BY A TRUNK 



FIGURE 1 

HUB CATV SYSTEM WITH TRUIMKING TO INDIVIDUAL CELLS 
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digital communication signal on the same trunk that carries TV signals 
to the home. 

Thus the MITRE hub-type system combines switching characteristics, 
(which have some similarities to the functions carried. out by a Discade 
or Rediffusion hub), and the traditional distribution and signal origi- 
nation role exercised by a conventional, one-way system hub. The MITRE 
hub Concept serves fewer subscribers than conventional hubs, so as to 
increase channel capacity per subscriber, and to improve point-to-point 
CCTV capability, audio distribution,^ and store-and-forward communica- 
tion potenti al , 

The MITRE hub-type system has an added attraction, it reduces 
thespurious signal pickup problems that have plagued early two-way 
experiments and places less of a demand on cable amplifiers. These 
advantages (expanded on in Volume II) and the minimization of special 
hardware in the home have contributed to^ the encouragement we have 
received from industry leaders, briefed on. the new approach. 

frl.l viewers located within a cell are able to vi.ew material in- 
tended for anyone within that cell. If the material requires privacy, 
it is necessary to scramble the video at the headend and descramble 
at the home, with a. code kno . only to the intended viewer's terminal. 
Fortunately, equipment to perform this function is being independently 
developed by a number of firms to provide "pay TV" services. It is 
likely tKat this equipment, which has an expected cost of $25-50 per 
terminal will be widely implemented to allow "pay TV," regardless of 
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TICCIT implementation, and can perform the additional service of pro- 
viding TICCIT privacy at little or no additional cost. 

Three types of home keyboards will be used in the interactive sys- 
tem; a simple, twelve-button keyboard (similar to the "Touchtone" pad) 
will be the standard input device; a full, typewriter-like keyboard ' 
will also be available to those users who wish to enter textual material 
or to take a major CAI course. In both cases, a CATV cable will carry 
the keyboard signal to the computer. A time-slicing digital communi- 
cations technique will be used to provide each user with the capability 
of continuously entering data at a rate equivalent to 100 typed words 
per minute, For the immediate future, however, we recognize that most 
existing CATV systems do not have two-way capability (this will gradually 
change in the next five years because- of new FCC rules -- see Section 
3.3), and that, initially most users will enter the interactive program 
only infrequently. For this reason, we will provide the interactive 
capability using existing home Touchtone telephones as entry devices. 
While there are many reasons why the telephone is far from ideal for 
the long range application, we feel it is a good interim device for 
the less expensive approaches MITRE is developing. . ^ 

2.2 Interactive TV Test-Bed 

through the generous cooperation of the Reston Transmission Company 
(RTC), MITRE has been using the Reston CATV system as- a test bed for 
its interactive TV experiments since May, 1971. The system is of 
high technical quality, but it lacks an operational two-way capability. 
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Because of the numerous technical problems associated with two-way 
cable .. communications, MITRE has felt that it-shouici conduct tests and 
experiments on a two-way system. To meet this need, a portion (15,000 
feet of cable) of the Reston Cable system has been retrofitted for two- 
way operation by the Jerrold Corporation, under contract to the cable 
system owners. The funds for this hardware expansion (approximately 
$25000) were provided by Television Communications, Incorporated, a 
division of Warner Communications, which controls Reston Transmission 
Company's cable television system • With excellent cooperation on the 
part of the cable system operator, two-way video digital and audio 
experiments were conducted ahead of schedule. 

During the study phase, the Reston TICCIT demonstration test-bed 
system has been maintained and shown to many government and industry 
people. The computer control was successfully changed over from the 
original IBM 360/Honeywell 516 machines to a stand-alone Data General 
minicomputer. In addition, an all-solid state digitaV refresh device 
replaced the video-tape player as the frame grabber, and the system 
output to the cable was converted to a NTSC color signal, so that home 
subscribers may now view interactive television in full color. The 
range of service presentation techniques has been expanded to include 
graphics, a choice of font, slides, and the selection of video tape 
materials. 

Any of the 3,500 subscribers to the Reston Transmission Company 
CATV service can now (one at a time)^ call up the existing MITRE data 
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base of information and entertainment for display on his home receiver, 
using his Touchtone tel:='phone as the feedback mechanism. During the 
coming seven months, the system capability will be expanded so that 1 
hundreds of families will have scheduled, real services available on 
a time-share basis, in which approximately 20 lines are available 
simultaneously. 
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3.0 ECONOMICS OF OPERATING AN INTERACTIVE CABLE TV SYSTEM 

MITRE has developed, under this grant, an economic model of a 
CATV system. "'^ It is especially designed to test the economic viabi- 
lity of alternative cable systems, both' in terms of configuration and 
financial operation. The concepts employed in the computer-based 
Interactive Cable Economic Evaluation Model (ICEEM) are the standard 
ones used in the field of engineering economics and capital budgeting. 

On the financial and marketing level, the ultimate viability of 
TICCIT rests upon market acceptance of TICCIT services, delivered at 
costs that justify system implementation. No matter how sophisticated 
the feasibility study, the question of market success will ultimately 
be settled through the actual offering and marketing of services. With 
this in mind, considerable effort has been invested in devising system 
configurations that minimize the commitment of investment, prior to 
the demonstration of consumer acceptance. 

For persuasive technical and economic reasons, flCCIT i~sTbest 
implemented through cable systems. The genesis of cable television - 
has been its operation as a community antenna system for carriage of 
distant TV signals. If cable is to serve as the transmission medium 
for TICCIT and other interactive services, then -TICCIT must be evalua- 
ted within th,:* economic and financial context of the existing cable 

^"'This model has benefited from prior MITRE work supported by the Mark! 
Foundation, reported in '"Urban Cable Systems", M72-57, W. F. Mason et 
al, Qf the MITRE Corporation, dated 1972. 
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television industry, the services it currently provides, and its pros- 
pects for the future. 

The economic and f 3 nancial . studies , involving a thorough considera- 
tion of cost/service/system combinations in conjunction with trade-off 
studies and sensitivity analyses, have required a major computational 
effort. Although some computer programs that deal with cable televi- , 
sion's economic viability are available, none were found capable of 
dealing with a hierarchy of service levels anr* alternate system stra- 
tegies, including interactive computer-based services. 

\ ICEEM can directly answer the question "how much must be charged 

\ 

for interactive cable services in order to achieve some given rate of 
return on capital invested over the life of the project?" An example 
of the ICEEM. applied to a two-way system is discussed later in this 
section. An important area of study using the ICEEM has been the first 
cost of an interactive cable TV system. Regular one-way CATV systems 
require high initial capital investment. Expansion Into two-way and 
interactive services is phased to minimize front-end financing. This 
is reported in detail in Volume II. . . 
3.1 Introduction to the Financial Analysis 

ICEEM is a capital budgeting program based upon the discounting 
of projected cash flows over the expected life of the proposed under- 
taking. Discounting is future oriented, taking into'account the time 
value of money. The principal outputs are projections of cash flow, 
profitability, and required revenue. These three important parameters 
are briefly discussed below, 
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Cash flow is the flow of cash payments at the moment they take 
place. Cash flow for the total investment includes capi tal i nvest- 
ments, operating costs, and revenues all at the point in time they 
occur- Cash flow for equity purposes is total investment cash flow, 
adjusted for cash inflows and loan repayment (both interest and prin- 
cipal) due to debt financing. 

Profitability is measured by the rate of return on total invested 
capital (project rate of return), and the rate of return on common 
equity. Appearing under many different guises, rate of return is the 
fundamental measure used in financial analysis. Rate of return is 
the I'^ate of discount which brings the piresert worth (capitalized value) 
of total discounted costs into equality with the present worth of tota] 
discounted revenues; both costs and revenues being on a cash-flow basis 

If the rate of return on total invested capital is greater than 
the cost of debt, then a proposed investment passes the preliminary - 
screen for profitability. At the second level, given the cost of 
debt and extent of financial leverage, if the rate of return .on equity 
for a given project is at least as great as the rate available on. alter 
native investments in the same risk class (the required rate of return 
on equity), then the project is considered economically feasible. 

The cost of debt, and the required rate of return on equity, 
weighted by their respective percent contributiofis , is called the 
cost of capital , 
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If the project rate of return exceeds the cost of debt, then 
increasing financing leverage will increase the rate of return on 
equity. However, the reverse is also true, increasing leverage can 
increase the cost of debt and risk to the equity holders. 

Discussions with financia.l representatives of the cable tele- 
vision industry have indicated a target before tax rate of return on 
total invested capital in the vicinity of 12%. Naturally, the exact 
desired rate depends upon the anticipated risk of the particular 
proposed project. Seen in terms of the cost of capital, there are 
numerous combinations of fina/,cial leverage, cost of debt, and rate 
of return on equity that would produce the same figure. For example: 



% Debt Contri 
bution 



1. .8 

2. .65 

3. .60 



Cost of 
Debt 



8% 
8% 

8.5% 



% Equity Con- 
tribution 



.20 

.35 
.40 



X 
X 

X 



Rate of 
Return on 
Eq.uity 



30 . 0% 
20.. 6% 
18.3% 



Cost of 
Capit al 



12.4% 
12.4% 
12.4% 



Empirical evidence, combined with results of financial stimulations, 
indicates that, as a result of accelerated depreciation and the invest- 
ment tax credit, the nominal 48% i.ax rate on corporate income produces 
an effective tax rate of about 33%. The before-tax rates of return on 
equity used in the previous example of 30%, 20.6%, and 18.3%, would 
become after-tax rates of return on equity of 20%, 13.7%, and 12.2%, 
respectively. The combination of financial factors listed above re- 
flects actual cable industry experience. (The ICEEM program also cal- 
culates an equity jrate of return based on borrowing for capital construc- 
tion only. Since/initial operating losses are financed wholly by equity, 
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this produces an effective leverage of only 6^% debt financing, rather 
than the 80% shown above. The lower figure would be common to the fi- 
nancially weaker .owners of cable systems the top MSO's are capable 
of achieving the higher leverage with an 8% average cost of debt.) In- 
flation is taken into account through adjusting the cost of capital. 
Instead of adjusting costs and revenues for the coiTipounded effect of 
inflation, the rate of inflation is removed for the cost of capital. 
For example, the 12,4% rate, of return alluded to above, adjusted for 
3% inflation, becomes a 9,\% "real" cost of capital. 

Required revenue is especially useful where little is known about 
market prospects, A cable investment can be approached from two 
viewpoints: 

1, Given anticipated costs, charges, market penetration, finan- 
cial leveragi, and cost of debt, what rates of return can be 
achieved? ^ 

2. Given cost of capital, equipment, and ' operating costs, and 
expected market penetration, what revenues must accure from 
each service? 

We have called the second method the required revenue approach, ICEEM 
is unique in its capability to calculate rates of return., given c: change 
structure, and simultaneously to report the required revenue for a given 
cost of capital (to be able to repay debt and retain sufficient profit 
to achieve the required rate of return on equity). 
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3.2 The ICEEM: A Capsule Descr iption 

\ In addition to providing projections of rates of return and re- 

/ quired revenue, the computer model calculates financial results for 

the first six years of the 20-year assumed project life, (Except 
for inflation, and the automatic provision for replacement investment, 
years 6-20 are assumed to have identical market penetration and 
financial results.) Figures reported include revenues, e:Kpenses, 
loan repayment, net income and cash flow (net income plus deprecia- 
tion and loan repayment). Corporate income taxes are taken into 
account through adjustment of the required rate of return on equity. 
Operating costs, and capital recovery (interest plus depreciation) 
^ are itemized and totaled. Costs are printed out on an equipment- 
unit basis. Separate market penetration profiles are available for 
-two classes of services -- one way and interactive television. Cost 
and revenue categories are itemized. This detailed reporting facili- 
tates a full tracing of cost and revenue origins. -- an essential 
ingredient to engineering, economic analyses, and to the pricing of 
services on. a marginal and fully allocated cost basis, 

3.3 An Example of Use of the , ICEEM: Principle Assumptions 

; ^ Special consideration has been given in designing the urban TICCIT 

system, minimizing the hardware investment required before actual 
market penetration is known. Thj^ough cross-wiring, only one-sixth 
of the expected ultimate investment in computer and. other electronics . 
for the chosen example system (see Table II) needs to be undertaken 
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TABLE II 
EXAMPLE SYSTEM DATA 



A. NUMBER OF HOUSEHOLDS PASSED BY CABLE 

B. PENETRATION (AVERAGE) PERCENTAGE: 



26,680 



YEAR 


1 


2 


3 


4 


5 


6-20 


AVERAGE 


HIGH 
ONE-WAY 


12 


32 


47 


50 




58 


76 


61 .23 


TWO -HAY 


7.5 


20 


30 


37 


5 


42.5 


47.5 


38.27 


LOW 

ONE-WAY 


6 


16 


24 


30 




34 


38 


30.62 


TWO-WAY 


3.75 


10 


15 


18. 


75 


21.24 


23.75 


19.14 



C. BASIC SYSTEM - NUMBER OF CABLE MILES - 76 

D. TICCIT SYSTEM - NUMBER OF CABLE MILES - 107.5 
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in the initial stages. The moderate increases in wiring costs are 
completely offset by the interest savings and reduction in investment 
risk. 

As previously discussed, if the cost of capital has been set at 

12.45S, after-tax rates of return on equity in the range of 12-20/i 

may be expected (depending upon the particular financial circumstances, 

expecially the strength of the system owner). An inflation rate of 

3% per annum is assumed to apply equally to costs and. revenues. 

The duration of the franchise and the economic life of cable 

1 2 

distribution plants both have been set at 20 years. All electronic 
equipment -- home terminals, converters, and electronic equipment in 
the local distribution center or subheadend and headend have been 
assigned an economic life of five years. The actual, physical life 
should be much longer; the five-year life is assigned principally 
because of expected obsolescence resulting from cost reduction and 
improved performance. This assumption is conservative since replace- 
ment equipment would have to be both cheaper and better, to justify 
the short economic life. This has not taken into account projecting 
replacement costs. 

The unscrambler provides a first level of security, achieved 
through selective gating of access* It is recognized that higher 

levels of security, involving actual scrambling, would be necessary' 
T2 

Previousf inancial analyses of cable systems have assumed system sale 
after 5-10 years. Assumptions about the sale price significantly 
effected the over-all results.-- the tail wagged the dog. 
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if sensitive material vere to be transmitted. The TICCIT 
system, analyzed, uses digital central refresh with the hub configura- 
tion. At maximum assumed market TICCIT penetration (50% houses passed 
by the cable), the maximum-assumed possible usage rate is 5% of sub- 
scribers at any one time. Queueing considerations may reduce this 
figure by 10-40%, depending on acceptable wait times and probability 
^'^ getting a busy signal. 

The analysis is conducted on an incremental basis. The base 
one-way system has twin cable with set-top converters. Eventually, 
the system has a two-way capability; however, the second cable is 
quiescent (amplifiers not installed). . 

Table III shows a breakdown of system componentscosts that are 
based on our estimates for limited quantity production within the 
near term, 

r 

3.4 Results of Example Application of the ICEEM 

In the analysis conducted for a hypothetical system, a section 
of Washington, D, C, with a total of 26,680 households was passed 
by the cable. Separate penetration profiles are projected for one- 
and two-way services, and sensitivity analyses are conducted for 
high and low penetration profiles. System data are shown in Table II. 

Results are in terms of required monthly revenue. This is the 
revenue required to yield a02.4% rate of return on total invested 
capital over the 20-year life of the system. Values are given for 
the high- and low-penetration assumptions. 
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TABLE III 

LISTING OF COMPONENTS AND CAPITAL COSTS 
OF DIGITAL CENTRAL REFRESH SYSTEM 



AT HUB : 

COMMUNICATION PROCESSOR 
MAIN PROCESSOR 
PERIPHERALS 

KEYBOARD DATA MOD/DEMOD 

REFRESH CONTROL ELECTRONICS ' 

CHARACTER GENERATOR' 

CHARACTER SWITCHER 

DIGITAL MEMORY 

NTSC ENCODER 

VIDEO MODULATOR 

SIGNAL SCRAMBLER 

COMBINER/SPLITTER 

TOTAL: 

TERMINALS: 
HOUSE DROP 
CONVERTER 
UNSCRAMBLER 
DATA MODEM 

ENCODER/DECODER, KEYBOARD 
HUB COST PER SUBSCRIBER 
TOTAL: 

33 



DOLLARS 
21,000 
26,000 
95,000 

5,000 
10,000 

7,000 

3,000 

72,000 (0.62 X 116,000) 
116,000 (1.0 X 116,000) 
58,000 (0.5 X 116,000) 
11,600 (0.1 X 116,000) 
6,000 (0.5 X 12.000) 
$430,600.00 

40. . 

27 

25 
200 
292 
203 

$495.00 , ■• 



For the base case, one-way services only, required monthly , 
revenue is $5.78/$9.33 for high-and low-penetration, respectively 
(see Table II), Halving the penetration rate increases the required 
revenue per month by 61%, indicating strong sensitivity to penetration. 
The required monthly revenue per subscryiber assumes an installation 
fee of $5.00. Revenues from pay television, second outlets, adver- 
tising, and channel lease of the 60-channel system would result in 
required monthly charges for basic services somewhat lower than the 
gross revenue requirements. 

Required monthly revenue for the TICCIT system alone, on an 
incremental basis, is $13.73/$14.90^^ for high and Tow-TICCIT pene- 
tration, respectively. The average high-TICCIT penetration is 38%, 
low is 19%. Phased TICCIT is rather insensitive to penetration; a 



\hdlving of penetration results in only an 8.5% increase in the 
revenue requirement per subscriber. Combined monthly charge for 
TICCIT and basic services is $19. 51/$24.23. This is within the 



3.5 ^ Analysis of Front-End Investment and Cash-Flow Calculations , 



The basic one-way system would require a front-end investment 
of $1.53 million s and an additional investment of $67 per added sub- 



scriber. The combination one-way and TICCIT system requires a fixed 



'Also, see Table IV, Section 8.0 for run at high penetration. Results 
are shown in terms of required annual revenue. Some figures in the 
test are ^not; derived from the sample output (Table IV), but from other 
computer runs. 




r^ge of the average monthly telephone bill. 



for Example 
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investment of $2.38 million: $1.53 millior* ^or the basis system, 
plus $0.42 million for the additional cable and equipment associa- 
ted with the hub configuration, and $0.43 million (see Table III) 
for the hub itself. The additional investment for the combination 
one-way and TICCIT system is $202 million. 

As far as hardware costs are concerned, TICCIT requires a 56'^ 
increase in front-end, fixed investment, and a six-fold increase in 
incremental investment cost. However, at least at the hardware lev^l , 
financial risk is not great, since even a minimal market penetration 
for TICCIT, at the indicated charge level, would provide the 12.4% 
overall rate of return on the TICCIT portion of invested capital. 

The major source of risk is the investment in computer software 
and courseware that wou'id be required to make TICCIT an attractive 
service. The first large-scale interactive system would have limited 
program material to draw upon, and would haye to bear substantial costs 
of software and courseware development. This would be recouped ^ 
by sale or lease to subsequent systems in other cities, providing the 
initial experiment proved successful. 

In addition to providing information retrieval and computer- 
aided instruction, TICCIT is capable of point-to-point message 
forwarding (useful in electronic banking) , and message and telegraph 
services. TICCIT's polling capability is an important feature in the 
feasibility of pay television because it permits automatic billing 
and sampling of program popularity in general. The scrambler used 

for TICCIT could also serve for pay television. 
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Table IV is a sample print-out from the ICEEM program, which 
shows the results of the run that determined the required monthly 
revenue for combined TICCIT and one-way services, under the assumption 
of high penetration. 

As indicated, a positive cash flow is projected by the second 
year. This is predicated upon rapid completion of the system construe- 
tion. Under the financing plan shown, a profit position is achieved 
by the fourth' year. If the project were put on a icuse-back arrange- 
ment, profitability would be achieved by. the fifth year. Using 80% 
debt financihgat an 8% cost of 'debt, a major MSO could achieve 
a 20% after-tax rate of r^eturn on equity. Due to reduced financial 
leverage, smaller cable system owners would achieve the equity rate 
of return listed in Table IV of Section 11,0 as 17.03%. This trans- 
lates into 13.69% when adjusted for inflation and corporate income 
tax. 
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4.0 OPERATIONAL CONSIDERATIONS FQR INTERACTIVE TELEVISION 

Since- interactive television must compete for subscriber time with 
conventional TV and other educational and leisure-time activities, it 
is not enough to develop just the technology to deliver interactive 
services.. Attractive examples must be identified, the means for their 
produttion developed, and the markets selected for the chosen services. 
These fundamental steps must be taken ir the first, large-scale demon- 
strations of interactive television, with the awareness that the poten- 
tial subscribers will help in the decision process, as they accumulate 
experience with interactive TV, and what it has to offer. It . is desi- 
rable that the results of these first tests be general i zable to the 
broad spectrum of potential users. The early investment in interactive 
television programming will be extremely limited (in comparison with 
commercial television programming), and the operation and selection 
of the test site must maximize the benefit/cost ratio. 

In this section, the major operational considerations for an 
interactive television trial are summarized. Later, in Section 6, 
operational recommendations for a "quick thrust" data-gathering 
experiment are summarized. 

4.1 The Management Task 

Management systems are needed to formalize the process of trans- 
forming ideas into operational services. For conventional TV, the 
need for management of program material development has not been 
required. The task of devising the mechanisms needed to develop 
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program materials for two-way systems has been deferred until the 
time when services were selected. That time is now, and the task is to 
require a mixture of pragmatism in the face of practical limitations 
and a flexibility that will allow the unexpected possibly unique 
interactive services. 

The technology has been invented, developed, demonstrated, and 
evaluated; analysis has shown interactive television has the potential 
for viability. Meanwhile, the list of '^possible" services to this 
communications-dependent society is growing rapidly. Management sys- 
tems to handle the production and delivery of interactive services 
must be devised, developed, demonstrated > and evaluated, just as the 
technology has been. 

Management starts by identifying the resources. ^ The first inter- 
active services will probably be based on existing program materia V. 
Vast libraries of. film and videotape, both in the private and public 
domain, are available as'a resource for interactive presentation. A 
second source of n|ateriaris the growing body of educationaT programs 
designed specifically for computer control and display. This .material 
■'has been developed for .del i very within the. school or college frame- 
work. Delivery into homes will require new management techniques. 

Perhaps„the most potent resources will be the users themselves. 
The ingenuity , and enterprise of individual subscribers, local societies, 
and the community leaders to advertise, announce, claim, disclaim. 
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or, in short, to communicate, will very possibly develop useful, 

14 

evL>n wealth-creating services and functions. 

An NSF/MITRE review panel will monitor sources and delivery of 
services* It would be a serious mistake to settle prematurely on 
i one particular way to utilize each resource, even if first trials 
are successful. The single, most ' powerful aspect of interactive tele- 
vision, properly interpreted, is the viewer*s real-time response during 
or following the use of each service. The delivery services must be 
managjed so that each subscriber's activity is logged. 

Finally, the management system must provide rewards and motives, 
new^ markets must be developed. Analysis of subscriber usage and re- 
sponse for each class of service, plus the suggestions from users 
themselves, will form the basis for modified and expanded services. 
4.2 Selection of Candidate Services " 

The selection of interactive services presents a considerable 
challenge. Many more aspects than those that make up an engineering 
experiment must be considered. 

First, there is the question of the type and value of the inter- 
action. The services Include, among many others, instruction', enter- 
tainment^^ companionship, and employment, each piggy-back|ng , economically 
speaking, on the others. Each introduces value systems with separate, 
possibly conflicting criteria. Second is:the question of interpreting 
the response, understanding the reaction of -subscribers. Therein lies 

^^Thompson, Gordon B., Moloch or Aquarius?, Issue IV (February 1970). 
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our major indication as to the merits of the delivery system. In par- 
ticular, the choice of services must be made with an awareness of the 
instructional and community fabric that may be affected. 

The first of the two panels of specialists convened (in June, under 
the chairmanship of Dr. Lloyd Morrisett, discussed interactive TV ser- 
vices from the vant'age points of -the panelists' expertise in communica- 
tions and~ education, the social ^sciences, and programming, for the 
print and television media. The partB^^ists agreed that popularity and 
frequency of use should be our social indicators. The MITRE staff has 
investigated a number of potential impact areas, constituencies/(the 
aged, preschool children, etc.), and activities (career education, 
health-service delivery), but the panel contended that pi lot services 
directed' to specific problems in such areas would not make the best use 
of the prototype distribution system. Special problems must have spe- 
cial programming, which is costly and time-consuming to produce, and must 
show progress in a specific situation that requires the development and 
then the interpretation of special social indicators. 

The June panelists enjoined us from reinforcing the. "duplex society" 
syndrome by providing interactive television supporting only the needs 
of a chosen-few. Thus^ earlier ideas Df demonstrating the success of • ' 
interactive television services by some specific improvement in a speci- 
fic social service has been replaced by the general philosophy, that in- 
teractive services must first compete successfully for the subscribers' 
-time. The total package must appeal to pe'ople who differ widely in 
economic status, education, age., aid ethnic background, before it-can ... 

My 



become a practical carrier for special interest services. Tables 

•■ 7 

V and VI list the June and August panels, and. their suggestions. 

We have made an exhaustive search of the literature concerning 
experiments and techniques that have been proposed to measure the use- 
fulness and effectiveness of communications systems • While there is 
a considerable body of theory and philosophy concerning such measure- 
ment and forecasting possibilities, we have not found a techrjique that 
we could consider practical in the time frame we are trying to meet 
for the selection of the service options, system distribution options, 
and operational strategies. , " 

It should be pointed out, however, that,, everything we have read 
reinforces our belief that computer-mediated interactive television can 
have a revolutionary effect on national communications. Interactive 
television Incorporates the essential parameters for "such a revolutionary 
capability. It provides access to everyone; it provides from wiihin 
the communications media itself a ijiechanism (i;e., the common computer) 
for structuring and manipulating the material communicated. Thus, a 
common, body of understanding and Insight is furnished by the media f or . ^, -v 
the communicators. Further, it provides from within the medium' itself 
a basis for developing a concensus on the subject being addressed by 
those involved in the' communications 

While the time-shared computer has been recognized as a device that 
could isupport these desirable characteristics of a new' communication system, 

Thompson, Gordon B., Moloch or Aquarius? , Iss,ue IV, February 1970. / 1. 
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TABLE V 

LIST OF THE JUNE PANELISTS AND THEIR SUGGESTIONS.FOR SOCIAL NEEDS 



Panelists 

Mr. Franz Alina" 
Dr. C. Victor Bundcrson 
Mr. W. Bowman Cutter 
Dr. Bernard GitTord 
Dr. George Kennedy 
Dr. Gerald S. Lesser 
Dr. Lloyd Morrisett. Clirm. 
Dr. Edwin B. Parker 

Dr. Ithiel Pool 
Dr. John Riley 
Dean Alvin L. Schorr 

Sociiil Needs Suggested 

INSTRUCTIONAL TRAINING: 

CAREER EDUCATION: 

PARTICIPATORY DEMOCRACY: 

READING AND MATH 
INSTRUCTION: 

I^IGH-SCHOOL EQUIVALENCY: 



EMPLOYMENT-OCCUPATION 
GUIDANCE 

CONTINUING EDUCATION 
DAY-CARESERVICES: 

MEDICAL-INFORMATION- 
CONSUMER-CITIZEN ASSISTANCE: 

PARTICIPATORY GROUPS ' 
INTERFACE: 



AlTiliation 

Children's Television -Workshop 
CAI Lab.^^JJniversity ot'Texas 
Cable Television Information Center 
New York '^aiui Institute 
High-Scope Educational Research Fdn, - 
CTW and Harvard Grad' Sch. of Education 
The Markle Foundation 
'S/anford Univ. Institute for Communication 

Research 
Political Science Dept., M.l.T, 
Equitable' Life, New York 
New York Univ. Grad Sch. of Social Work ; 



For both teachers and parents. 

For both children and adults. 

Covering contemporary community issues. 

Both basic and remedial. 

Covering vocational training, tutoring for 
"home-bound"' persons, and interactive 
parents-children (game-type) activities. 



Reinforcing para-professional preschool child 
care personnel. 

Both preventive and emergency. 

Covering day-to-day living concerns such as 
the legalities of wills and contracts. 



Such as shut-in widows, high-school dropouts, 
..etc. ' 'all of those who have recurring needs 

that are not being met satisfactorily at 
^pfesent. 
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TABLE VI. 

LIST OF AUGUST PANELISTS AND THEIR SUGGESTIONS FOR 

"POPULAR^* SERVICES 



Panelists 



Affiliation" 



Ms. Theodora Skiovcr 
Mr. Robert D. Smith 
Mr/Charles E. Tate 



Mr. Lewis Freedman 
Mr. James A, Lippke 



Dr. Lloyd Morrisett, Chrni 



Hollywood Television Theater 
Broadcast Management/Engineering 
The Markle Foundation 
The Open Channel 

WNVT (Channel 53), Northern Virginia 
The Urban Institute 



Popular Services Suggested 



AUCTIONS 



Real time Uve or elapsed (bidding will close at noon). 




1001 ANSWERS., ^ - 

Pooled community experience on ''how to," ''who to." ''when to/' programmed 
or bulletin board format. An experience catalog. 

EVERYDAY THERAPY 

Interpretation of dreams . discovery- of people with similar problems grouping 
for mutuaLyssistance (with anonymity if required) sensitivity tapes. 

♦ EQUAL TIME FOR THE CONSUMER 

Legitimate gripe board exposing "less than better'' business practices.,, 

RELIGION . , . ' 

A Contributing to and sharing liturgical experiences-.. 
THEATRE GAMES 

Role playing - simulation of results from alternute courses of action (domestic and/ 
or cornnumity). 

MUSIC AND DRAMA 

Computer organ in your home - sing.s along play readings - poetry worksliops. 

WORD GAMES ■ ""^ 

Scrabble - anagrams ~ pas.sword free - word construction. 



Poker ~ Blaclo'Jack -7 new games unique to TV playing versus the machine or 



GAMING 



other people. 



(continued) 
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TABLE VI (continued) 

COLLECTORS NETWORK 

Sharing the enthusiasm of possession. . 

PHYSICAL FITNESS/DIETING 

Specific exercises/menus for subscribers' problems. 

AUDIENCE PROFILING / 

Mechanism for response to services - who's new in town, their skills and hobbies 
community resource data bank. 

ACCOMMODATION 

To rent, or sell house sittingo-- exchanges. 

. SWAP/THRIFT SHOP 

Staffed by volunteers for charity, hospital funds, etc. 

RAINY DAY ACTIVITIES — 

Plans and'directions for games and projects to fill chiktren s shut-in hours with fun 
learning 'activities. 




the question of access to such capabilities' has heretofore not been , 
successfully addressed. Now, computer-cpntroned'interactive televi- 
sion provides many points of access, making them available to a wide 
range of people and i nsti tlliions . The system we are demonstrating 
in Restpn (and will better demonstrate in Phase II) provides these 
essential ingredients for the "ideaV communications system, whether 
or not a truly successful set of services can be immediately identified. 

The second panel, which met in August, was asked to generate ideas 
for the following : 

• Computer Content; Entertainment and informal instructton. pro- 
grams unique to the interactive delivery mode. 

• * The Communications Function; The computer-mediated format in 
. which new communication links between people may be developed 

in communi ty 1 ife, companionship, and personal problems. 
The panelists'; suggestions and priorities are discussed in Volume 
III. Tables III and IV in this report summarize the applications de- 
veloped by the panels. ..'In additipnV the August panel strongly recom-^ 
mended that; ... 

9 Representatives from the fields of educationv print media, and 
the cable and TV industries should be selected and organized 
into a working team to provide a sounding board,, for a continuous 
program. 

« MITRE should start negotiating now with pilot-city candidates, . 
and a' site should be. selected as soon as possible. Existing 



institutions in the candidate pilot-city coirmunities should 
be used as^ a major source of ideas on applications. 
In summary, a considerable body of material has been documented 
concerning potential services. It is time to move the program on 
from generalities to specifics, to proceed to an empirical program in 
an operational environment, starting with services subjectively chosen. 
Services for families in Reston during the next seven months have al- 
ready been chosen. Table VII gives an attractiveness rating to - 
an important subset of the panelists* suggestions for services in 
Phase II and III. ^ • 

4.3 Selection of Candidate Sites for an Eventual Urban Center Trial 
of Interactive TV Services 

In the selection of candidate Phase III implementation sites, the 
requirements of a successful demonstration and evaluation must be ba- 
lanced against the relevance of these requirements to the needs of other 
U. S. cities. Accordingly, summary information has been compiled to: 

0 Identify all cable systems ^n the United States that have the 
technical capability to acccmmodate interactive television 

demonstrations 5 or that wi'^.l have such a capability by the 

* 16 
summeriof 1974, when Phas3 III of our study will begin. 

G Provide certain additional information about the system, its 

operation, "and the city in which it' has been or will be buidt 

that can se rve as a basis for preliminary narrowing down of 

Pilot Projects for the Broadband Communications Distribution Systems, 
Mai arkey, Taylor, and Associateis, November, 1971.. 
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candidate sites to those that should receive further study 
before final choice of a site for the Phase III demonstrations. 
-^--^X^e Federal Communications Commission's new cable rules, promul- 
gated on March 31^ 1972, require that new cable systems in the nation's 
top 100 marke.t areas have two-way^capability . The relevant section' 
of rules reads: " • "^^-^ 

On review of the comments received and our own-^engfneering 
estimates, we have decided to require that there be bui-U^into 
cable systems the capacity for return communication on at le^ast^^ 
a non-voice basis* Such construction is now demonstrably feasi-^^- 
ble. Two-way communication, even rudimentary in nature, can 
be useful in a number of ways for surveys, marketi ng service 
burglar alarm devices, and educational feedback to name a few. 

We are not now requiring cable systems to install necessary 
return^* communication devices at each subscriber terminal. Such 
a requirement is prefnature in this early stage of cable's evolu- 
tion., It will be sufficient for now that each cable system be 
constructed with the potential of eventually providing return 
communication, without having to engage^in time-consuming and 
costly system rebuilding. This requirement will be metcrif a 
new system is constructed, either/:wji^ the necessary auxiliary 
equipment (amplifiers and passiv^ devices) or with equipment' 
that could easily be altered to provide return service. When 
offered, activation of the return service must always be at the ' 
subscriber's option. . 

As can be seen, these rules require no more than narrowband, non- 
voice return capacity. As a practical matter, however, they are likely 
to be surpassed in most or all new cable systems in the top 100 markets 
by the installation of equipment from one gr- more of the major manufac- 
turers that provide some 20MHz of return capacity. 

FCC's rules will produce a new generation of cable systems in major 
market areas, all having two-way capability. In fact, a number of cities 
that^had started franchising proceedings before the rules were 



55 



promulgated were already planning on two-way capacity, and have so 
specified in their hearings, or had recently granted franchises, or-- 
dinances, etc. In addition to installed two-way systems, therefor^e, 
we can give consideration to a certain number of sites where franchise:- 
have been granted, oif soon will be granted, franchises that are likely 
to have sufficient installed technical capability two years from now 
to make them eligible. The total number of systems discussed in Volume 
III is twenty-nine. Of these, eleven are prime candidates: 

• If a. site with installed capacity is preferred':' 
Akron, Ohio 

Or! and, Florida , ' 

, © If a large city Is preferred; 

HoiTstonj^Texas 
San AntorricTT^Texas 

• If a medium-sized ci tyvwi th J'big ci ty'' urban characteristics 
is preferred: 

Gary, Indiana 

Dayton, Ohio ^ . 

9 If a medium-sized city with "suburban" characteristics is pre- 
ferred: 

Arlington, Virginia 

Sunnyvale, Cal ifornia - . 

0 If a "new community" is preferred: 
Reston, Virginia 

"Jonathan, Minnesota ■ ^ r 

e If a city with contiguous suburbs or more affluent neighboring 
communities, all franchise^ to the same operator and intercon- 
nected, is preferred: 

Lynn, Massachusetts 
Orlando, Florida 
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0 If black ownership is regarded as important: 

Dayton, Ohio ■ 
These sites have been ranked by applying comparative scores, based 
on a subjective analysis of their standing in various categories. This - 

is a supplementary technique which provides an additional guide to the site 

■ . / 

"^election process, but which should not be the only basis for a site recom- 
'mendation- One important factor cancerns the adaptability of existing and 

designed system configurations to the hub concept. A conventional one-way 

■■ ■ _ ■ ' " ' 

service hub would serve from two to five times the number of subscribers on 

an interactive service hub as is described in Section 2.1/ If distribution 
systems do not develop along the '"mini-hub" Jines, we will still be able 
to offer TICCIT on operational systems when frame-grabber prices drop. 
For example, some have more extensive medical facilities; some have more 
extensive educational facilities; some have better developed cultural 
faci lities;' some have better developed community group andxivic action 
groups; some have better facilities for communicating municipal aind 
social ' information and services to their residents; some have demogra- 
phic characteristics that might be conducive to better testing of cer- 
tain types of demonstrations. 
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5.0 DEMONSTRATIONS OF INTERACTIVE TELEVISION 

Showcase demonstrations of interactive service concepts have stim- 
ulated feedback from communicators and the communications industry 
and have been a catalyst for continuing developments in the technology 
and applications of interactive television.. Demonstrations have been 
the primary vehicle for developing both the hardware and the program 
content from concepts into practice. Future demonstrations will 
carry interactive television from the laboratory into the home, from 
an experiment into a utility. 

MITRE is sol iciting -industry to join in the technological 
developments and is welcoming social science centers to join in the 
evaluation of the social impact of interactive services. Interactive 
television is a system of concepts (see Table VIII), not a particular 
collection of hardware and software. At different periods, each 
concept must be tested individually. A goal for this study is to 
develop a plan (a defacto statement of feasibility) that, when put 
into practice, will demonstrate that the combined concepts delivered 
to schools and homes simultaneously are both easy to utilize and 
valuable to the subscriber. 

^ This section reports on the history of these demonstrations, 
their impact, and the new Reston demonstration content that has been 
developed under the NSF grant. 
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5,1 1971-1972 Demonstrations at Reston 

From July 1971 to June 1972, demonstrations of conceptualized 
services delivered via TICCIT over the Reston Transmission Company's 
cable system were attended by over 1,800 people - from North and South 
America, Europe, and Asia. ^ 

The demonstration was held in a home setting in order to simulate 
the environment of a typical user but it was the lecturer who held 
center stage. The MITRE demonstrator handled the interaction while 
the audience viewed passively. The visitors (in the majority, male, 
45, white, and professional) were not in their typical home-user role 
during the demonstration and therefore could not provide a source of 
data on the home use of the system. 

The content of the data display, although necessarily limited, 
was designed to reflect future potential for the system. Classified 
ads, television, and phone directories were used to demonstrate in- 
expensive mass storage capabilities. The desk calculator and 
community information material illustrated practical home services, 
and the limited computer-assisted instruction and medical information 
gave a sense of personalized services, with high social utility. 

Meaningful levels of interaction between user and system were 
developed oy school children. These students ranged from grade one 
to grade eight (a few high school and college groups also attended), 
and the results were very positive. Several important aspects o^ 
our system became apparent from these demonstrations. Children, 
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even at the beginning, are not afraid or shy about using the equip- 
ment. Once given simple instructions (or a simple demonstration), 
they work quickly and easily and have a high rate of retention. One 
group used the system in early July; when they used it again in 
September, the chilclren needed no refresh instructions on how to 
operate the terminal. This experience was in line with other ^ex- 

/ periments with CAI at the elementary school level. 

5.2 The Impact of TICCIT-Dernonstrations ^ 
The visitors to the BestOn demonstrations have represented every' 
major government department, a spectrum of educationaT institutions 
from research laboratories to elementary and preschool operations, 
municipal, financial, and citizen s groups; foundations; the media; 
and domestic and international corporations. Among those attending 
were the President of COMSAT, th^Chairman of the Canadian FCC 
equivalent (CTRC), the Director of Cable Television Bureau of the 
FCC, the President of Goldmark Communications, and the President of 
TVC." (Appendix A lists the organizations and institutions represented 
at demonstrations . ) 

The reaction of visitors has been generally enthusiastic and 

.^-constructive. Visitors not only have assessed the potential TICCIT 
contribution to their field, but most have also shown excitement over 
the persona] involvement that the program offers. ''When will I be 

}y able to have this in my home?," is probably the niost frequently 
asked question. 
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The demonstrations have influenced the communications industry, 
internationally. This is , clear from discussion's with Canadian, 
/French, and Japanese manufacturers and with government officials 
after they have visited the demonstration. Here in the U.S., for 
example, one of the largest electronics manufacturers in the country 
has Indicated that the Reston demohst ration had a major impact on 
its. board of directors' decision to enter the communications field. 
We have reason to believe that the demonstration also influence the 
Office of Telecornmunications Policy and the FCC toward adapti ng a 
policy encouraging two-way cable development. The evolution of the 

two-way demonstration is limited prototype experience and 
stimulus to industry that encourages the provision of those products 
that support mass. dissemination. Japanese manufacturers express 
the most immediate interest. Shortly after a high level delegation 
of their industry and government leaders visited, Japan announced 
a $lO-miTlion development program in this f^ield. 

Demonstrations are influencing future social science experi- 
ments. Dialogues are turning into plans to "piggyback" on the Reston 
tesrbed. Universities are funding programs to develop ideas in 
participatory denfocracy, continuing education^ clinical telecommuni- • 
cations, programs for the aged, and services for the disabled.. 
5 . 3 A New Reston Demonstration Developed Under Thi.s Program 

A second-generation program, covering the original, plus some' , 
major new content and technological and economic improvements , was 

A' 
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developed under this grant. This program was .assembled because the 
demand for demonstrations continues and the technology has progressed 
dramatically since the original demonstration was started. The 
resolution of the alphanumeric display has improved, and a graphic ' 

capability and variable fonts are now available in seven colors over 

i 

standard TV channel bandwidths. Both still and moving ^^ray-scal e 
video segments can be interspersed between the computer-generated; 
alphanumeric frames. • 
The new program content has added the following materials: 

Data retrieval screening to suit a subscriber's unique needs • 

• Interaction between subscriber and computer itlemory bank 
during an auction. 

0 Educational games. 

• The concept of a Televisit by .a: physician. ; 

• Retrieval of gray-scale photographic data. 
0 Surrogate gambl ing. 

J. Each of the above represents an embryonic, program that could be 
developed to provide^an interactive service similar to those in the 
original demonstration program listed in Figure 2. 

Selective data retrieval is illustrated in the new Reston demon- 
stration by an individualized employment search program. The sub- 
sci^ber answers as many as he chooses from a list of questions about 
his education, pj?evious experience, sex, salary or wage requirements, 
and preferred work hours and location. His answers determine which 
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jobs in the data bank meet his broad requirements, these are then dis- 
played for the subscriber to browse through. Adequate space is avail- 
able to describe the job environment, show pictures of the products or 
the office, the best commuter rbCites . A distinction is made between 
this full description, stored once and selected to suit the subscriber's 
particular needs, and the space-constricted newspaper cl assified adver- 
tisements that are stored thousands of times, in the hope a match with 
a chance reader wi 11 be productive. 

The auction concept is developed to demonstrate mujt/-terminal , 
real-time Interaction with the computer memory bank. Having establishea 
one's identi ty and credit rating, an automatic credit 1 imit, if desired 
on bidding, each subscriber can view the. object to be auctioned. The 
current higii bid and the time of the auction closing are displayed on 
the' screeh^-'-Bids^ are entered via the keyboard. The exercise' exposes 
the problems of subscriber identity and management from the headend 
of several simultaneous remote terminals and their interaction. \ 

Educational games (any past-time in which skills of observation, ; 

" • ■ ! 

comparison, memory, etc. are required) provide a competitive framework) 

for learning experiences, either among subscribers, or between subscrij- 

ber and computer. An example is a word game where a series of three- j 

letter words must be unscrambled with points awarded for speed and ac-| 

curacy. ... ^ • | 

The physician *s Televisit i s an example of communication replacing 
, . ■ • ■ , • . ■ . . . " / . . i ■ 

transpprtation, an important concept in its dwn right. The .social ' 



implications of the hous^e-to-clinic video link obviously extend beyond 
medicine to community communications in,_general. 

.'The fuTT, alphanumeric keyboard Is. necessary (and available) for 
seryjires that require subscriber-typed message inputs. The program is 
designed, however, to allow the majority of the concepts to be controlled 
by a standard, 12-button touchtone telephone pad. This is in line with 
the general philosophy behind the demonstration design, simplication 
of the terminal equipment in the subscriber's home. 



I 



¥ 



66 



6.0 PLANS FOR THE IMMEDIATE FUTURE 

The preparation for extended Phase I is outlined in this section. 
These are the' short-term plans that will provide the technical and 
sociological experience that must be gained before a design for a major 
urban ^environment can be realistically attempted. 

6.1 Serv'i'ces Plahned-,tor Multiple Home Delivery in the Next Seven Months 
It is MITRE'S recommendati^rPthat^pr^^ trials of interactive 

television should concentrate on: ' . ^^^^ — 

"\ 0 Instruction delivered into schools and homes; 

9 Community communications and social services delivered into homes 
In broad terms, these two recommendations represent services di- 
rected at captive and non-captive audiences, respectively. The empha-. 
sis for our immediate plans will be on instruction to audiences. that 
have a motivation to view and learn, or at lieast who have had their 
time apportioned so that they will attend to thd program. In contrast, 
services for a non-captive audience must be designed to attract and hold 
an audience in order to serve it. The techniques for design of social 
services, compared with those for instructional services, require a 
much different discipline and appro.ach to the material. 

Discretionary time of individuals, after all the "necessary" aspects 
(including child raising, religion, etc.) of life are accounted for, is 
mostly spent in companionship, entertainment, problem solving and self- 
improvement, Chopping, and (usually to a much, lesser extent) community 
involvement. Because of the necessarily limited audience size, it is 
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our intention to overlap some of these existing human desires and be- 
havior patterns with our first selection of services. In other words, 
improving the quality of life (not just the convenience of life} through 
these potential services means serving individual, desires, even though 
they are unfulfilled and even unrecognized. ; 

As detailed elsewhere in this report, the initial set of services 

i' 

; can offer^no more. Feedback from the community is vital to adapt the 
initial service, offering to the heeds of the/ community . This* however, 

does not decrease our responsibility to create services with great- sen-' 

t . ' - 

sitivity and ingenuity. Format, as well as, intent, in our opinion, .will 
greatly affect'usage and acceptance. In the past year, a very minor 
effort has gone into creating the_xontent of our demonstration programs 
in social service. - To our program, we hav^e now 'added a number of crea- 
ti\/e individuals skilled in various specialities, who are dedicated to 
creating programs in a wide range of service categories. (Note that 
teleshopping, telebanking, and telereservations are not included. 
MITRE recognizes that, in-a fully operational system, these commercial 
services pbtentially add, .significantly to the economic viability of 
an interactive television operation. However, MITRE believes it is 
administratively premature to mount such services at this time.) 
6.1.T Instruction 

The initial services menu -will include -a major data base of in- 
structional materi al . In particular, we plan to provide services to 
Stan ford 'University's (Professor Suppes) Computer-Assisted Instruction 
program of elementary schools of drill ajnd practice in arithmetic, 



reading, and grammar. Based on talks with officials of the Fairfax 
County Public School System, the three elementary schools in Res ton will, 
in all: probability, make major use of this material. The major innova- 
•tion of the Reston school program is that not only will approximately 
15 terniinals be utilized in each of the three elementary schools, but 
that the same material will be available to the children in- their homes. 
The computer will keep track of students- progress in both the school 
and home environment. 

The second major instructional service will be providing teachers, 
a special, extremely simple programming language. that will allow them to 
generate special instructional routines on the TICCIT computer directly 
from the remote terminals. This interactive programming languaged, 
called "Mr. Computer," has been usecl in New York State with great suc- 
cess by sixteen schools for the mentally retarded. The language was 
developed by General Electric Company and is so simple an average 
teacher leafns to program it in approximately two hours. 

6.1.2 Companionship - 
For the house-bound, the very old, the inifirm, mothers with small 
children, and the "urban isolated," companionship services -may prove to 
be the most important of all. Generations no longer live together in 
the same household, and the neighbors in an apartment building do not 
know each other* The computer can provider variety of services, sqme 
of which emulate the kind of social information available in a small 
community: ' . • 
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• A dynamic bulletin board of who wishes to do what. For example, 
who wants to play pinochle at 8:00 tonight*^ Skills, hobbies, 
sports interests, reading to preschool children — each is an 
example of possible mutual interest that might stimulate com- 
munity members to be more aware of each other, and could lead 

to person-to-person contact'. 

• Communication via keyboard that allows anonymous person-to-per- 
son communication. This might be important for discussions of 
personal problems, and possibly, a format for the equivalent of 
encounter therapy, 

• Games that can be played on a person-to-person basis via the 
interactive television communications facilities. Checkers, 
bridge, and many other games could be played by people who are 
either unable to leave their households, or find it inconvenient 
to meet in person. 

6 > 1 . 3 Community Ombudsman 

In the past, both precincts of a large town and small towns usually 
had some individual to whom one could go for help in confronting the 
confusing bureaucracy of federal, State, and local government. Many 
"services" now provided by the government were provided by individuals. 
Today, the local alderman, "boss*', or fixer, is unknown to the urban 
mobile population. Worse yet, finding out the service, nature, avail- 
ability, and government organization to contact wnen one has problems 
is information whichj in our society, has been taboo to advertise. For 
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example, one does not see any advertisement, either. on television or 
in the newspapers, or in the display ads of the classified yellow pages,' 
for the services of ' the small claims court. .One can speculate, in this 
particular example, that this is one reason why the small claims court 
is now used primarily for merchants to seek redress against a client, 
instead of, perhaps, the vice-versa. There are almost endless other 
examples of community services that are difficult for the average citi-. 
zen to interface with. We think this is especially true for the poorly 
educated and semi-i 1 lerate. The computer, in these cases, can be pro- 
grammed to ask the user what his problem is, or perhaps present him with 
a series 'of indexes. After narrowing down to a^ specific agency, the 
cgmputer presents information on detailed procedures for obtaining assis 
tance, and the details of what services can be provided. We think the 
difference between this approach and searching and calling through the 
government- bureaucracy is striking. 
6.1.4 Community Soapbox' 

The limited ''space in "letters^ to the editor" in local newspapers, 
and the even more limited space on television editorials in today's 
media provides no. real substitute for the influence an i^ndividual 
in a small community can bring to bear. Here is a medium for everybody 
poets, artists, philosophers. Creative ideas available to the computer 
data base can be perused, on demand, by those who are interested in 
hearing them. The low expense of a single- time storage in a computer 
data base enables the establishment of a communications media for which 

there is no substitute in today's society. 
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6J,6 Community Coherence 

People do not participate enough in community affairs. Often it 
is inconvenient, even embarrassing, for a citizen to express his views, 
say in a hearing discussing the widening of a public road, when a much • 
broader cross-section of community opinion feels otherwise. We think 
it is at least worth exploring whether it is practical to expose differing 
opinion in real-time community meetings,. An alternative is non-real 
time/means to achieve similar ends. Experiments in "participatory 
democracy" could be mounted on a test-bed, interactive system, such as 
/the one planned for Reston. A member of the TICCIT staff, a lawyer, is 
expected to seek practical formats for such an experiment. 

6.1.7 Subscriber Design of the Medium 

There is no reason to believe that we in the "ivory tower" will 
come up with the most relevant programs for the computer. For example, 
the teenage hotline or suicide hotline, or the call-in radio talk show, 
were not invented by the telephone company. Neither was 'the Beatle 
culture invented by the inventor of the long-playing record. For this 
reason, we plan to allow subscribers in their homes to progr'am the 
computer to generate new services of their own design. The means to 
do this will be a possibly expanded version of "Mr. Computer," a very 
simple language to allow the ordinary person to program the computer. 
Not only might membe.rs of the community program their own little CAI 
programs, but an endless list of possibilities is opened up. For 
example, individuals might put. "how-to" information on recipes, bird 

identification > or other material, into the computer. ; 
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6.1 .8 Health Care 

A new category of health institutions, called a "health mainten- 
ance organization," has recently been opened in Reston. It is sponsored 
jointly by Geor^getown' University Hospital and various federal grants. 
Its charter is to provide not only primary, largely prepaid health care 
services for the residents of Reston, but to seek new ways to maximize 
the efficiency of health-care workers, using such approaches as para- 
medics and sophisticated computer and communications technologies. The 
director of this organization, Dr. Sehnert, and HEW's Health Service and 
Mental Health Agency are both interested in exploiting interactive tele- 
vision to tese the system's efficiency in maximizing health-care delivery 
efficiency. In particular, services such as doctor-iivthe-off ice to 
patient-in-the-home two-way televisits, health-problem screening, 
and "triage" with the interactive computer in the home, and problem 
oriented medical record data bases are being seriously explored for 
use on the Reston TICCIT system. 

In the develppment program for generating the above services, it 
, is expected there will be a wide range of needs to meet, and courses 
with a variety of funding agencies. 
6.2 Management and Service Production Delivery 

, The tasks supporting the delivery of services into subscribers' 
homes .;n the first test-bed trial of interactive television had been 
originally planned for Phase II. Now they have been advanced. The 
simplification achieved in the home terminal equipment during .this 
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study period has greatly increased the potential number of subscribers 
that interactive television may reach from the start. Our decision, 
during the immediate future in Reston, is that we should 'capital ize on 
this larger data base for social impact measurements - ' ^ 

The management of the service production and delivery system starts 
with the question: What should be the source of the services: The 
June panel emphasized that services should be chosen as .much as possible 
from existing data bases, rather than spending time and money in genera- 
ting original programs. New programming should be limited to community- 
centered activities, such as weather reports, bus schedules, local 
entertainment, garage sales, or auctions. 

- When the content is ready that is, a .weather report has been 
written the management software must be generated befojre the -services 
become available. CAI that has run successfully elsewhere must be 
converted for delivery by another system. As local CATV origination 
programmers have discovered, the service source is most often the 
community \tself. The necessary additional software tasks are those . 
that provide the^delivery function. ^ 

The next, question is.;. How will subscriber and experiment interface? 
it is vitally important that communication channels between the users^ 
and the suppliers be visible, flexible, and above all, easy to use. \ 
Channels must be continuously in effect, and must include an inquiry 
line not dependent on the system. Such a heuristic and responsive pro- 
gram will also require professional interviewing and social surveys. 



We plan to utilize the system itself to monitor usage, and to 
collect general statistics and opinions through multiple-question answer 
formats. These broad base inputs will be complemented by in-depth 
evaluations of random subscriber responses. 

It is estimated that at least 1-1/2 hours per household of 
interviewing time will be required over the course of the development 
phase; one-half hour when the keyboard is installed>"tOjget background 
data and to give instructions; a second, in mid-stream to get general 
usage information ; _and a final interview to complete the usage infor- 
mation and collect summary contents when the keyboard is removed. If 
1 ,000 homes are involved, some 200 man-days, of interviewing time, wi ll 
be needed,. . ' i \ ' 

The Targe-scale home trial will last for a minimum of two to 
three weeks. But k few" hundred homes will be allowed usage for months, 
and it is expected that they will pay fees for the service. In a ^ 
short period, the results may only reflect, the novelty; a longer 
interval should give a better estimate of how pLople would regularly 
use this medium. 

For the" early implementation of interactive services, the home 
telephone will be the input keyboard. Twenty simultaneous lines on 
the computer could allow approximately four hundred subscribers to use 
interactive services each day for half an hour (assumin'g a ten-hour day) 
The actual demand pro^file will be evaluated continuously as a function 
of the services offered. Such characteristics of the system are 

fundamental to the preparation for the Phase II market test. . 
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The size of the effort and the varying work schedules for the 
survey indicate that a small field office should be established for 
administrative purposes. Such a 'field site would support maintenance 
in addttipn.to providing the demonstration with a closer tie to the 
community. ■ - 

6.3 An Evolutionary Computer System Design 

The present TICCIT demonstration must be reconfigured and expended 
tQ,,provide a variety of interactive services to many simultaneous users 
The presentation is now designed for briefing demonstrations, with only 
one user on-line at any time, aticl alsmall data base (32,000 word 
core--no ability to access disk storage). There- are a number of ways 
in which the present system can be expanded to satisfy the extended 
Phase I requirements (20 simultaneous users and five to ten million 
characters of storage). Our design approach is guided by two addi- 
tional goals; first, the system must be expandable to 100+ simuVianeous 
users, without reconfiguration, so that there will be no need, -during 
Phase II, to start all over with the hardware and software design, 
bur second goal is tQ.make maximum use of the investment made by NSF 
in our community college TICCIT operating system software. Thus, we. 
selected a hardware eonfiguYation that is well-suited to the demands 
of interactive television , while also being compatible with the opera- 
tional features of the unique operating system we are developing (i.e., 

the only operating sy5tem for a minicomputer that can support over 

i ■ ^ ' i - • 

one hundred simultaneous users). ^' 



■ Figure 3 shows the new design for the Phase I operational system. 

The computer load is split between two processors: . one at MITRE's 

McLean, .Virginia offices; the other at the Reston Transmission Company' 

headend in Reston, Virginia. The two processors are connected with a 

full duplex, 4800 band, telephone data line. The communication 

processor in Reston accepts keyboard inputs from users, performs simple 

editing on thexinput, packs the Input into messages, and sends the 

messages to the data base processor wV^ the.^tel ephone data line. In . 

addition, the communication processor accepts messages from the data-'" 

i ■. / ■ ^ ■ ^ ! ■ " . ^ ^ 

base processor, and, under its command, causes the character generator 

to output specified TV screen displays to specified users. In a like 
manner, the communication processor causes the random-access picture 
file to retrieve pictures and send them to appropriate users. The 
mayiiGtic tape unit, console CRT, and fixed disk are included to allow 
a direct approach to-^software updating and correcting. The communica- 
tion processor CPU is a Nbva 800 minicomputer, as is the data processor 
CPU, • . . 

The data processor accepts messages from the communication 



processor, retri.eves user data 



and programs from its moving head disk 



data base and i^ser file, and t'hen generates. a response message that . j 
extends to the communication processor. The line printer console CRT 



and magriet:i:G tape unit facilitate the generation of new (application 
;. programs o/ the system when it is off line. ^ 

Figure 4 shows the initercorin.ection of refresh memories to the 



cable, tha character generator, the refresh control electronics, and 
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the picture file. ^ The refresh memory can capture and hold a picture 
outt^ut By the character generator in one-sixtieth of a second. There 
is one refresh memory associated with each active user in the system 
(in Phase I, there are twenty refresh memories) . The output of each 
refresh (a composite video signal) is moduiatod and placed on a channel 
01^ the cable. In -Phase I, the modulated output of ten refresh devices 
win go on Reston's cable "A", and ten on cable "B" on VHF channels 
not now used, and on mid-band and super-band channels that are .not used, 
A user will be directed, when he }o^,s on the system, to tune hisJTV set 
(or a set-top converter, in the case of mid-band and super-band ] 
channels) ;to the channel of dir\ available refresh memory. The picture^ 
file in Phase I will be ;time-shared over al 1 users. /i 

The refresh memory is a so^lid-state .digital MOS shift register, j 
consisting of approximately ^ ninety thousand bits. This device has ! 
excellent resolution and reliability. 

The character generator has "a programmable character set and can 
equally well generate graphics/ and alc^anumeric displays. Identical 
units have been fabricated in the community college program and are >.\ 
operating successfully. , ^ I 

The refresh control- electronics select the refresh to capture'the 

'\ ■• \' 

^output of the character generator, as well as control ithe switching ^df 

. \ ■ - ' / ' ^"'\ 

picture file. data to the modulators. V 

. \ ' \ . ^•• • 

. The modulators convert base-b.and, composite video to staadard \ 
radio frequency televl^ The outputs of the modulators are 
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summed and placed on twenty channels of the two cables In the Reston 

system, along with standard, over-the-air broadcast television signals. 

The picture f1l6 allowing random accessing of gray-scale displays, 
i / 
1 ■ ■ 

a moving-head, analog disk memory, with an access time of appr9ximately 

one-tenth of a second,will be usedlrto perform this function^ -'New 

pictures may be inserted simply' by ^ placing them in front of aTV 

camera and pressing a button/ With this simpl e process , they .are , 

automatically recorded on the disk and may then be retrieved on the 

computer control . 

The Phase I system"is intended to deliver interactive television 

services to any home with Reston Transmission Company ' stable system. 

At any time, up to twenty homes may be simultaneously using the'sys,tem. 

As the system grows in Phase II, it will support 100 simultaneous 

users. Only small 'changes will be necessary--primarily , the addition ^ 

of anoth'er moVing-head disk drive anl^the addition of eighty refresh 

memories.and modulators. ' With the advent of more personali2;bd services 

privacy y/ill be required. A subscriber must be^confideht' that the 

informa'^ion he stores will not Inadvertently or purposeiy be displayed 

I ■ ■ ' 

on another's' screen. Scrambler 'techniques^ in conjunction with pay TV 
are being developed that offer protection"^ by a magnetic card that 
serves as a meansi-of identi ty . . Such^devices would be incorporated for 
trials and evaluation. 

As configured, the Phase I and l-hase II systems will be so-similar 
that application software generated during Phase I will run without 



modification in Phase II. In/addition, the Interactive Television 
operating system will need only insignificant modifications of the 
Phase- I and Phase M configuration to deliver the comnunity college 
CAIinto any cabled Re; ton home. The Phase I design, therefore, meets 
al 1 of our goal s . 
5.4 Software 

Just^ as the computer hardware design is premised on future expan- 
sion, so is the software design. Most software products developed for 
the Reston Phase I program w^iU. be used in subsequent phases. 

The software required for an interactive television system falls 
into three .categories--the operating system,- authoring software, and ' 
application program. The application programs.: represent the content 
and logic of the interactive television program. The authoring 
software provides the means^for entering these programs, while the 
operating system provides the mechanism for the delivery of the 
interactive television prbgrarfis to the system\s users. 

• Thie objective of Phase I| is to enhance the existing operating 
system developed in MITRE'sj dAI .program. The authoring software will 
also use programs developed in this project. In addition, a translator 
program will be used to , convert the selected elementary school level - 
CAI programs into the form accepted by the existing authoring software. 
The 'need for new application programs will be minimized by the use of 
available CAI programs. 
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ORGANIZATIONS AND INSTITUTIONS REPRESENTED BY VISITORS 
^' ' TO THE MITRE CORPORATION'S TlCClf DEMONSTRATIONS 
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FEDERAL GOVERNMENT 

Central Intelligence Agency ' 
CorpoHjfion for Public .Broadcasting i 
Department of Commerce ' 
Department of Defense 

Department of Health, Education and Welfare . 
Department of Housing and Urban Development , , 
Department of the Interior .. ^ , 

Department of Justice 

Department of State/ Agency for Intcrnatjonal Development 

House Commerce Committee/Subcommittee on Communications and Power 

Internal Revenue Servii:c 

National Academy of Engineering 

National Aeronautics and Space Administration 

National Bureau of Standards 

National Science Foundation 

National Security Agency ^ ■ - - 

Office of Economic Opportunity 

Office of Science and Technology 

Office of Telecornmunications Policy 

Peacv Corps 

Smithsonian Institute 

U.S. Information Agency/Voice of America 
U.S. Postal Service 

Veterans Admfnistration • 



• EDUCATIONAL INSTITUTIONS^ 

American Univei>ii.y 

Antioch College, Baltimore7Maryland 

Board of Regents - Atlanta School System 

Brigham Young Universiity 

CAI Laboratory, University^of Texas 

Catholic University . 

Columbia University i 

Drexel University 

Educational Satellite Ceriter 

Einstein High'Schodl 

Essex County College 
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EDUCATIONAL IN'STlTUTlONS (coniinu 



Fairfiix C'oiiniy 'Public Schools 

FcdLM-ii'lCity Collcuo 

Howard Ujiivcrsity 

Hunter College 

Johns Hopkins University 

Massaeluisetts Institute of Technology 

Montgomery College 

New York Univcrsj-iy 

Northern Illinois University 

N\)rth"e rn V i rgi n i a Co mm u n i t \' Co i lege. 

Penn Slate University ' 

Pine Ridge Hlementarv Sc-huol 

Stale DepartmeiU of Hducation Richmond 

UnivcTsity of Maryland 

University of Virginia 

y 1 r-gi n i"a" Co m p u t e r Col lege 



AMP, Incorporated. Harrisburg, Pennsylvania 
Bell laboratory 
'Burroughs, Corporation 
CBS Laboratory 
CBS-TV 

CCA Electronics i 

COMSAT - ; I - 
Continental Telephone 
Cypress Coninuinications 
DATRAN 

Electronic Coinmunications, Inct^ 
FEC^Electronics 

General Electric Company , . 

GTE Laboratories, Waltham, Massachusetts 

Hazeltine Research. Inc, . --^ 

Holmes Protection, Inc. 

Honeywell 




COMMUNICATIONS INDUSTRY 



IBM 
IEEE 
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COMMUNICATIONS INDUSTRY (continued) 



Industrial Technological Interface, Inc. 

Informatics, Inc. 

Jerrold Electronics 

Jersey Enterprises 

Lockheed 

Maryland Center for Public Broadcasting 
Metropolitan Mass Media 
National Association of Bcoadcasters 
National Audio Visual Corporation 
National Cable Television Association 
Page Communications \ 
Philco-Ford - 
Raytheon 
RCA, New York 

Sperry R^and Corporation. New York 
Sylvaniu GTE' 

TELCpM - ' 

Texas Instruments. 
Video Engineering 
Western Union 
WGBH-TV - Boston 
WNVT-TV - Arlington 
XEROX Corporation 



INTERNATIONAL 



BELL Canada 

Canadian 'Radio and TV Commission 
Gallo Fillio, Rio de Janeiro 
C?ama Fillio University, Brazil 
GpvernmQnt of Guatemala 
HitacJii, Ltd., Japan 

ICS Consul, Paris . ' ' 

Millim Company, Sao Paulo . 

ORT Computer Center, Buenos Aires 

Partaw Electronics, Teheran 

Teijin, Ltd,, Japan 

Univ. Federal de Rio de Janeiro 

Volvo, Sweden 
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MUNICIPAL, FINANCIAL AND CITIZENS GROUPS 



American Banking Association 

Arlington CATV Association^ ^ 

Citizens for Arlington TV '' v ~" 

Columbia Hospital .System . * \^ 

D.C. Department of Human Resource's ' 

D.C. Library \^ " ■ \ ' 

International City Manageilient Association 

Management Advisory Council of Northern\Virginia \ 

Mayor's Economic Development Committee \ D.C. ,. * 

Mayor of Madison, Wisconsin ' ' 

Metropolitan Regional Council of Governments D.C. metro area 

Opportunity .Funding Corporation / ^. 

World Bank \ 



MEDIA REPRESENT.ATIVES 

Arlington County Performing Arts 
Children's Television Workshop - 
DATAMATION Magazine 
Educational Information Services 
McGraw-Hill Continuing Education Company 
National Geogiaphic 
Popular Science Magazine 
Readers' Digest ' 

Standard and'T^oors Investment Capital, New York 
Washington Star 



FOUNDATIONS AND R^SEaRcI^ INSTITOTIONS 

Aerospace Corporation 
Amerioan Library Association 
Arthur D. Little Company 

Cafritz Foundation . 
CATV information Center 
Ford Foundation. 

Hudson Institute ' " '■ " 



\ 

FOUNDATIONS AND RESEARCH INSTITUTi6ms (contii 

Human Sciences Kesearch 
Imagination Foundation ' ^ ' 
International Research and Technology . ^ ^ 

Kettering Foundation- 
Kiplinger Foundation 
Lincoln Laboratories 
Marl<le Foundation 
Myer Foundation 
RAND Corporation 
Research Analysis^Corporation 
Sloan Commission 
Urban Institute 

...^ 
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